Rice protein isolates and extracts of protein fractions were prepared from Indian rice cultivars, namely, Jaya, HKR-120, P-44, Sharbati, Bas-370, and HBC-19. The protein extracts were characterized using SDS-PAGE. The total protein contents of rice cultivars ranged from 5.46 to 7.02 g/100 g sample with albumin and glutelin fractions showing the highest variability among rice cultivars. The electrophoretic patterns of protein fractions exhibited many varietal differences with glutelin fraction revealing the most heterogeneous (10-17 polypeptide units) and prolamin fraction revealing the most homogenous polypeptide composition (3 polypeptide units). The alkali extracted rice endosperm protein isolates showed favorable emulsifying and foaming capacities particularly at an alkaline pH of 11. The total protein content was significantly correlated positive with foaming capacity (r = 0.917, p < 0.01) and negative with oil absorption capacity (r = −0.914, p < 0.05). The total protein content was also correlated significantly positive with cooking time (r = 0.956, p < 0.01) and cooked grain hardness (r = 0.966, p < 0.01).
INTRODUCTION
Protein is an important part of rice endosperm not only because it is the second most abundant component, but also because of its ability to bind with starch and affect the overall rice grain functionality. The protein quality of rice ranks high as it is rich in lysine. Rice proteins have unique hypoallergenic properties compared with other cereal and legume proteins. [1] The hypoallergenic property and the high nutritive quality could make rice protein concentrate or isolate a competitive protein ingredient in the food ingredients market. Rice starch is widely used in food systems, cosmetics, and medicines, but the use of rice protein in food systems is now limited due to its unavailability and unknown functional properties. The protein content of brown rice ranges from 5 to 17% with globulin (about 12%) and glutelin or oryzenin (about 80%) as the two major proteins, and albumin (about 5%) and prolamin (about 3%) as the minor one. [2] The biologically active rice albumins
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have a wide range of molecular weights from 10 to 200 kDa. [3] Glutelins, the major rice storage proteins, are soluble in dilute acid or alkaline solution. The two subunits of glutelins are classified as acidic and basic subunits with apparent molecular weights of 30-39 and 19-25 kDa, respectively. [3] There have been normally two approaches used for the preparation of rice protein isolates. The one is alkali solubilization followed by acid precipitation, and the second is by using starch hydrolyzing enzymes to separate the rice proteins from rice flour by solubilizing and removing starch. [4] However, due to comparatively more favorable protein composition, higher solubility, and lower degree of thermal denaturation of alkali extracted proteins, [4] the most commonly used method for preparing rice protein isolates is alkali extraction followed by acid precipitation. The major dominant technique utilized by the cereal chemists to characterize the proteins for their composition is electrophoresis, such as sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and SDS capillary electrophoresis (SDS-CE), which have been developed to separate cereal proteins. Agboola et al. [5] characterized an Australian rice variety for its different protein fractions using capillary electrophoresis (SDS-CE) and SDS-PAGE, and observed that SDS-CE showed slightly higher molecular weight compared to equivalent bands from SDS-PAGE. White rice and brown rice proteins have been reported to contain high molecular weight polypeptides than those of rice bran proteins as studied by SDS-PAGE. [6] The electrophoregram of rice proteins prepared by alkaline extraction method and enzymic solubilization method revealed major polypeptides of 13 kDa albumin, 26 kDa globulin, 22-23 kDa and 37-39 kDa glutelin, and small quantities of 10 kDa and 16 kDa prolamin as characterized by SDS-PAGE. [7] Steenson and Sathe [8] reported major polypeptides in albumin, globulin, prolamina, and glutelin having molecular masses 14.1 kDa; 13.9 kDa and 20.3 kDa; 13.6 kDa; and 20.4 and 30.9 kDa, respectively, as studied using SDS-PAGE in Basmati Dehraduni variety of rice.
Although cooking, eating, and processing qualities of rice are mainly attributed to the starch component of the endosperm, rice proteins also appear to play important role in determining rice quality. The greatest part of the total protein is located in the endosperm and the main characteristics of the proteins are determined by the properties of the endosperm storage protein, i.e., glutelin. [9] A number of studies have shown the relationship between protein content and rice quality attributes. Juliano et al. [10] demonstrated that increased protein content within a cultivar resulted in a firmer texture of cooked rice. Teo et al. [11] reported that modification of the protein component, rather than the starch, was primarily responsible for rheological changes associated with aging of rice flour. The determination of protein content and its electrophoretic characterization not only provides a basis for varietal difference, but it also provides useful information regarding the cooking and textural quality characteristics of different rice cultivars. Understanding of basic physicochemical and functional properties of a protein is very important for its application in food products. The hydration properties, foaming ability, emulsification capacity, and fat absorption capacity of the proteins directly influence the characteristics of a food system. Chandi and Sogi [12] have concluded that functional properties of rice bran protein concentrates were approximately equivalent to those of casein. Rice glutelin has been reported to show good gelling properties, which could be important for food applications. [5] Similarly, proteins in brown rice, white rice, and rice bran have also been studied to have favorable functional properties in systems with high concentration of salts or sugars. [6] The method of extraction has also been reported to have an impact on the functional properties of the rice endosperm proteins. Higher emulsifying and foaming properties of alkali and salt-extracted proteins could make them a potential ingredient in food systems with protein functionality. [13] The solubility and the emulsification capacity of the rice endosperm proteins have also been reported to improve by controlled enzymic modification of the proteins. [14] Therefore, these could have good potential for utilization in food industry. Although there have been many studies on the isolation and characterization of rice bran protein concentrates and isolates, the studies on rice endosperm protein isolates with reference to their functional properties, particularly in Indian rice cultivars are very limited. The objective of this study was to understand the varietal differences among rice cultivars based on the electrophoretic characterization of their protein compositions along with investigation of the functional properties of rice endosperm proteins extracted from some basmati and non-basmati cultivars grown in India. Knowing the functional properties of rice proteins, assessment of an alternative food protein source can be made. An attempt was also made to establish correlations among protein content and protein components, and cooking and textural properties of the rice grains.
MATERIALS AND METHODS
Two basmati rice cultivars, namely, HBC-19 and Bas-370 and four non-basmati rice cultivars, namely, Jaya, P-44, HKR-120, and Sharbati were procured from the Rice Research Centre of Chaudhary Charan Singh Haryana Agricultural University, Hisar, India. Paddy samples were dehusked and polished uniformly utilizing the locally available milling facilities (Indosaw, India). The milled rice grains from different rice cultivars were ground to flour using a laboratory flour mill (Navdeep flour mill). Defatting of the flour was done by steeping the flour samples in acetone overnight at room temperature. All the chemicals and reagents used were of analytical grade. Moisture, ash, and fat contents were determined using the standard methods of analysis. [15] Starch content of rice flour was determined using a method of Clegg. [16] 
Extraction of Protein Fractions
Rice proteins were extracted using a sequential extraction method of Pan and Reeck. [17] Defatted rice flour was sequentially extracted with 0.5M NaCl (to remove albumin and globulin), 70% ethanol (to remove prolamin), and 0.5% sodium dodecyl sulfate (SDS) with 0.6% β-mercaptoethanol (to remove glutelin). The sample was stirred with two volumes of solvent at room temperature for 20 min. The extract was separated from residue by centrifugation at 3500× g for 10 min. The process was repeated three times. The extracts were stored in a freezer at −20
• C. To separate out albumin from globulin, ammonium sulfate was added to the extract to 35% of saturation, where some of the proteins precipitated. The supernatant and precipitate represented the albumin and globulin fractions, respectively. A direct extraction with 0.5% SDS and 0.6% β-mercaptoethanol was also performed to extract total rice proteins. Defatted milled rice flour was extracted with two volumes of this solvent three times, for 20 min each time, at room temperature. The residue was removed by centrifugation at 3500× g for 10 min.
Preparation of Protein Isolates from Milled Rice
For the preparation of protein isolate, the defatted flour was extracted with 0.05N NaOH. The flour suspension was stirred for 15 min at low speed. The extraction was repeated three times. Combined supernatant was precipitated by acidifying with 6N hydrochloric acid to pH 5, and centrifuged at 3000× g for 15 min. The pellet was washed twice with water and 70% ethanol and centrifuged again. The pellet was dried in a hot-air oven at 40
• C.
Protein Estimation
The protein content of defatted rice flour samples was determined using a standard method of Kjeldahl [15] using a nitrogen conversion factor of 5.95. The protein content of extracts from various cultivars was measured by the method as given by Lowry et al. [18] 
SDS-Polyacrylamide Gel Electrophoresis
The protein extracts were characterized for their composition using SDS-PAGE performed according to the method of Laemmli. [19] The extracted protein fractions were also characterized by SDS-PAGE under reducing conditions (2-mercaptoethanol) using a mini vertical electrophoresis unit (Atto, Tokyo, Japan). Polyacrylamide gels composed of 2.5% stacking and 15% resolving gel were prepared. After electrophoresis, the gels were stained by Coomassie Blue R-250 and then destained with methanol and glacial acetic acid. The molecular weight of the protein bands was determined by electrophoresis of standard molecular weight marker protein.
Water and Oil Absorption Capacity
The water absorption capacity (WAC) of the rice protein isolates was determined by the method as described by Janicki and Walczak. [20] A protein sample (1.0 g) was weighed into a calibrated graduated glass centrifuge tube. Distilled water (5.0 ml) was added gently down the side and mixed with a thin glass rod. Any particles adhering to the glass rod were carefully washed with 2.0 ml of distilled water into the same tube. The slurry was centrifuged at 3000 rpm for 25 min at 27
• C. The supernatants were drained and water absorption capacity (ml/g) was determined by measuring the sedimented paste weight. Oil absorption capacity was determined using the method of Sosulski et al. [21] Refined groundnut oil (10.0 ml) was added to dried protein powder (1.0 g) and mixed thoroughly. The mixture was kept aside for 30 min with gentle stirring using a glass rod every 5 min. The unabsorbed oil was determined by centrifugation of the slurry at 5000× g at 27
• C for 30 min. The complete removal of oil was achieved by draining the tube by keeping it at a 45
• angle for 1 h. The amount of oil retained was calculated by measuring the difference in the weight of the protein sample before and after equilibration with oil. The oil absorption capacity was expressed as the amount of oil absorbed (ml/g sample).
Foaming and Emulsifying Capacity
A suspension of protein sample (2.0 g/100 ml water) was blended at 12,000 rpm for 6 min at 27
• C in an electric blender. The contents were immediately transferred quantitatively to a measuring cylinder (250 ml) and the volume of the foam was recorded. Foaming capacity was expressed according to Lawhon et al. [22] as the percentage increase in volume. For the measurement of foaming capacity as a function of pH, the aqueous suspension of protein was adjusted to the desired pH with 0.1 M NaOH solution. The emulsifying capacity (EC) of the rice protein was determined by the method of Beuchat et al. [23] using refined groundnut oil. The EC was expressed as amount of oil (ml) emulsified by 1.0 g of the sample. The EC was also determined as a function of pH after adjustment of the protein solution with 0.1N NaOH to the desired pH value before the addition of oil.
Statistical Analysis
The data were analyzed using one factor analysis of variance (ANOVA) in completely randomized design using Opstat exe.1 software (Sheoran O.P., CCS Haryana Agricultural University, Hisar, India). Pearson correlation coefficients (r) were calculated using SPSS 11.0 statistical software (Sheoran O.P.).
RESULTS AND DISCUSSION
The moisture, ash, fat, and starch content of the rice cultivars are given in Table 1 . The cultivars showed no significant differences in their moisture, fat, and starch contents. Jaya cultivar differed significantly in its ash content from other cultivars (p < 0.05). The starch contents from different rice cultivars varied from 68.73 to70.24 g/100 g sample.
Protein Content
Protein content of various fractions extracted from flours of various rice cultivars is given in Table 2 . The basmati cultivars tended to have a higher protein content than non-basmati cultivars. The total protein contents of rice cultivars ranged from 5.46 to 7.02 g/100 g sample with Bas-370 showing the highest value. These results were comparable with the rice protein content range of 5.6-9.09 and 8.2 g/100 g sample as reported by Basak et al. [24] and Hou et al., [25] respectively. Soluble fractions of rice protein showed that glutelin constituted the major portion and prolamin as the minor portion. The higher variability was observed in protein content of albumin and glutelin fractions of different rice cultivars. The amount of protein in the prolamin fraction was the lowest in all cultivars and it ranged from 3.3 to 4.8 g/100 g sample. The relative percentage of glutelin was highest in Sharbati and lowest in HBC-19. These observations are in agreement with those of previous researchers who found glutelin as a major storage protein, whereas alcohol soluble prolamin remained as a minor fraction. [26, 27] The relative percentages of protein fractions observed for rice in the present study were in reasonable agreement with those reported by Basak et al. [24] The values are mean ± SD of three independent determinations at 5% level of significance. Values with similar superscripts in column do not differ significantly (p < 0.05).
* Non-significant differences. Figs. 1a-1e . The number of bands in total rice protein varied from 8 to 12, with the minimum in Jaya and maximum in HBC-19 (Fig. 1a) . The total protein level was the lowest in Jaya as also depicted in lane 1 in the electrophoregram for total protein. The molecular weights (MW) of polypeptides present ranged from 11.72 to 66.54 kDa. The major subunits present in the total protein were estimated at ∼14.99, 21.21, 30.19, and 35.70 kDa. Several other researchers have also reported the molecular weight of total protein in the range of 14.5 to 38 kDa. [8, 17] The glutelin fraction contained the most heterogeneous polypeptide composition of the four fractions (10-17 different MW polypeptide subunits) (Fig. 1b) . Variation in the molecular weight of glutelin protein of rice cultivars was observed and molecular weights of protein fraction of different rice cultivars ranged from 11.90 to 67.75 kDa. The polypeptides with molecular weights ranging from 20 to 40 KDa were in abundance in glutelin fraction of all cultivars. Chandi and Sogi [28] observed electrophoregram of glutelin fraction for Basmati 370 having single distinct subunit of 20 kDa while Pusa Basmati 1 having multiple bands of varying molecular weights. In the present study also, prominent bands were observed at 20 and 29 KDa in the case of Bas 370. Sharbati showed the highest level of glutelin in which the glutelin bands were more defined and intense as compared to other cultivars. HBC-19 had a significantly less glutelin content (p < 0.05). The major subunits of glutelin fraction were estimated at ∼15.54, 20.30, 33.84, and 55.99 kDa. The higher molecular weight subunit of 55.99 kDa indicates that smaller polypeptide units have linked by disulfide bonds resulting in 55.99 kDa species. These results were in reasonable agreement with the electrophoretic pattern of rice glutelin as studied by previous researchers who reported glutenin polypeptides in the range of 14-57 kDa. [29, 30] The electrophoretic pattern of albumins by SDS-PAGE exhibited many varietal differences on the basis of intensity and number of protein bands (Fig. 1c) . The number of bands varied from 5 to 8 with P-44 showing a maximum of 8 bands, Basmati cultivars (Bas-370 and HBC-19) had 7 bands. The molecular weight ranged from 13.96 to 56.31 kDa, which is consistent with the results of Steenson and Sathe, [8] who reported a similar range of 14 to 52 kDa for albumin fraction of Basmati Dehraduni rice. However, they had reported the 19 different polypeptide subunits as compared to 5-8 subunits in the present study. The difference could be due to variety and electrophoresis set up. The electrophoretic patterns of globulin fraction from different cultivars are presented in Fig. 1d . The globulin fraction revealed less heterogeneous polypeptide composition with 3 to 5 different molecular weight subunits in the range of 12.92 to 27.24 kDa. P-44 had the maximum number of bands (5) among all the varieties. Rice globulin has been reported to contain the major polypeptide with a molecular weight of 26 kDa. [7] Steenson and Sathe [8] noted three major polypeptides of globulin with molecular weights of 13.6, 19.0, and 21.5 kDa in rice cultivar Basmati Dehraduni. Prolamin was the most homogenous of the four fractions with each cultivar showing three different molecular weight subunits in the range of 12.78 to 20.07 kDa (Fig. 1e) . The electrophoregram results showed the least level of prolamin in Sharbati cultivar. Similar findings have been reported for the Basmati Dehraduni cultivar of rice by Steenson and Sathe. [8] They have reported the prolamin with a major subunit at 13.2 kDa and minor subunits at 16.5 and 18.2 kDa. Rice prolamin has been reported to contain major polypeptide with a molecular weight of 13 kDa. [7] Functional Properties of Rice Protein Isolates Water and oil absorption capacity. The basmati rice cultivars' protein isolates showed higher water absorption capacity but lower oil absorption capacity than non-basmati rice cultivars except Sharbati cultivar (Table 3) . HBC-19 cultivar showed the highest WAC and the value was very close to that of Sharbati cultivar with no significant difference (p < 0.05). Jaya cultivar showed the lowest value for WAC. The water absorption capacity of the protein reflects the degree of hydration. The WAC values were in close agreement with those reported by Hou et al., [24] who observed water holding capacity of rice protein hydrolysates ranging from 1.96 to 2.93 g/g. The water absorption capacity of rice protein isolates was lower than those of rice bran protein concentrates. [12] Oil absorption capacity ranged from 0.80 to 1.51 ml/g and the order of oil absorption capacity in different cultivars was Jaya > HKR-120 > P-44 > Bas-370 > Sharbati > HBC- 19 . The values for oil absorption capacity are slightly varied from that reported for rice bran protein concentrate by Prakash and Ramanatham. [31] This may be due to the difference in protein present in rice bran and milled rice. Bran contains high amounts of albumins, and more than 90% of the oryzenin is located in the endosperm of the milled rice.
Electrophoretic Characterization by SDS-PAGE

SDS-PAGE patterns of total rice protein polypeptides and individual fractions polypeptides are shown in
Emulsifying capacity. The emulsifying capacity (EC) of protein isolated from different rice cultivars measured at pH 11 is presented in Table 3 . Emulsifying capacity was measured to test how much oil could be emulsified into an aqueous phase containing the test protein. The emulsifying capacities of protein isolates from rice cultivars were comparable to each other. Emulsifying capacity varied from 85 to 92 ml/g. Protein from HKR-120 showed the lowest emulsifying capacity, whereas from Sharbati showed the highest. The difference in the emulsifying properties of protein isolates observed in different cultivars may be attributed to the difference in composition, surface hydrophobicity, and solubility of proteins. [4] The emulsifying capacity of the rice endosperm protein isolates was higher than that of rice bran protein concentrates as reported by Chandi and Sogi, [12] which indicates that rice endosperm protein isolates are more suitable for application in food systems like hypoallergenic sausages, soups, and salad dressings. Figure 2a shows the effect of pH on the emulsification capacity of protein isolated from different rice cultivars. An increase in emulsification capacity was observed with increasing pH. Zayas and Lin [32] also reported similar results for corn germ proteins. To have emulsion properties, the proteins should be able to solubilize and unfold to form cohesive layers at the interface. This requires protein solubility and flexibility. Protein extracted from the cultivars did not show any emulsifying capacity at acidic or neutral pH, which could be attributed to the decrease in the solubility. Glutelin, the major component of rice protein is less soluble at neutral pH due to its hydrophobic bonding, disulfide linkages, high molecular weight, and heterogeneity. [3] Foaming capacity. The foaming capacity and foam stability values measured at pH 11 are given in Table 3 . The foaming capacity of basmati cultivars protein isolates was significantly higher than non-basmati cultivars protein isolates (p < 0.05). Foaming capacity varied from 35 to 50% with Jaya having the lowest and HBC-19 having the highest. The range is lower than the foaming capacity reported for defatted oat protein concentrate (120%), wheat gluten (100%), and soy protein isolate (135%). [33] The lower foaming capacity of rice protein isolates might be due to fewer secondary and tertiary structures in the rice protein isolates, and presence of large macromolecule complexes stabilized by disulfide bonding and extensive aggregation of glutelin subunits. [34] The foaming capacities of rice protein from different cultivars at various pH values are presented in Fig. 2b . There was an increase in foaming capacity of all the samples investigated with increasing pH. Prakash and Ramanatham [31] also reported an increase in foaming capacity with increasing pH for rice bran protein concentrate. Protein for foaming should be stable in aqueous phase and it should concentrate at the interface. Alkali treatment usually improves the solubility of protein, particularly if the pH exceeds 10.5, causing dissociation of protein. [35] The foam stability is measured by the rate at which foam volume decreases and is generally determined by loss of liquid resulting from destabilization (leakage). The foam stability of the protein samples was determined at 30 min intervals after foam formation. The value of foam stability varied from 40 to 50% with Sharbati and HBC-19 showing the highest value.
Correlations
The functional properties of protein isolates were correlated with total protein content and various protein fractions and the Pearson correlation coefficients are given in Table 4 . A significant negative correlation was found between oil absorption capacity and total protein content (r = −0.914, p < 0.05). Water absorption capacity had a significant positive correlation with total protein (r = 0.829, p < 0.05). A significant positive correlation was also found between foaming capacity and total protein content (r = 0.917, p < 0.01).
The Pearson correlation coefficients were also determined between total protein content, protein fractions and cooking and textural properties of rice grains (cooking and textural properties determined in another part of the study, data not given) as shown in Table 5 . Cooking time had a highly significant positively correlation with total protein content (r = 0.956). The present results are in accordance with those reported earlier by Chakrabarthy et al. [36] Since protein forms the matrix around the starch granules, [37] its relation with cooking time may be explained in part by a physical barrier role. Solid loss in gruel was significantly negatively correlated with total protein content (r = −0.987, p < 0.01). The protein barrier limits the leaching of solids during cooking. The protein elongation ratio had a highly significant positive correlation with total protein (r = 0.983, p < 0.01). Total protein content had a highly significant positive correlation with cooked grain hardness (r = 0.966) and a negative correlation with adhesiveness (r = −0.935, p < 001). Roferos and Juliano [38] have also reported a positive correlation between protein content and hardness of cooked rice. Total protein content was negatively correlated with cohesiveness (r = −0.900). Juliano et al. [10] have also reported that rice samples with low protein content were more tender and cohesive than high protein samples. Hardness and gumminess were negatively correlated with prolamin content, which was in agreement with the findings of Baxter et al. [39] The electrophoretic patterns of protein fractions as revealed by SDS-PAGE exhibited many varietal differences on the basis of intensity and number of polypeptide bands with glutelin fraction revealing the most heterogeneous (10-17 different polypeptide subunits) and prolamin fraction revealing the most homogenous polypeptide composition (3 polypeptide units). The molecular weight ranged from 13.96 to 56.31 kDa for albumin, 12.92 to 27.24 kDa for globulin, 12.78 to 20.07 kDa for prolamin, 11.90 to 67.75 kDa for glutelin, and 11.72 to 66.54 kDa for total protein. Soluble fractions of rice protein showed that glutelin (69.2 to 78.8%) constituted the major fraction and prolamin (3.3 to 4.8%) as the minor fraction. The protein isolated from basmati cultivars showed significantly higher water absorption, foaming capacity but lower oil absorption capacity. Protein isolate from HKR-120 showed the lowest emulsifying capacity, whereas from Sharbati showed the highest. Since reasonably good emulsification and foaming properties are obtained from rice endosperm at higher pH, the need is to develop some modified methods for the extraction of proteins, which favorably improve the functional properties at pH suitable to most food products. Protein content had significant influence on the cooking and textural properties of cooked rice. Thus, protein content can be a secondary factor affecting the cooking and textural quality of rice, whereas amylose content of rice varieties is in the narrow range.
